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(57) ABSTRACT 

An ion implantation apparatus includes a beam scanner, a 
beam measurement unit that is able to measure an ion irra 
diation amount distribution in a beam Scanning direction at a 
wafer position, and a control unit that outputs a control wave 
form to the beam Scanner for scanning an ion beam. The 
control unit includes an output unit that outputs a reference 
control waveform to the beam scanner, an acquisition unit 
that acquires the ionirradiation amount distribution measured 
for the ion beam scanned based on the reference control 
waveform from a beam measurement unit, and a generation 
unit that generates a correction control waveform by using the 
acquired ion irradiation amount distribution. The control unit 
outputs the correction control waveform so that the ion irra 
diation amount distribution becomes a target distribution and 
the ion irradiation amount distribution per unit time becomes 
a target value. 
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ION MIPLANTATION METHOD AND ON 
IMPLANTATION APPARATUS 

RELATED APPLICATION 

Priority is claimed to Japanese Patent Application No. 
2014-091762, filed on Apr. 25, 2014, the entire content of 
which is incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to an ion implantation 

method and an ion implantation apparatus. 
2. Description of the Related Art 
In a semiconductor production process, a step (hereinafter, 

referred to as an “ion implantation step') of implanting ions to 
a semiconductor wafer is generally performed for the purpose 
of changing the conductivity and the crystalline structure of 
the semiconductor wafer. An apparatus that is used in the ion 
implantation step is called an ion implantation apparatus, and 
has a function of forming an ion beam ionized by an ion 
Source and accelerated and a function of transporting the ion 
beam to an implantation processing chamber and irradiating 
the ion beam to a wafer inside the processing chamber. 

In order to implantions into an entire Surface of a waferas 
a processing target, a beam Scanner scans an ion beam in a 
reciprocating manner while reciprocating the wafer in a 
direction perpendicular to the beam Scanning direction. At 
this time, it is possible to control the amount of the ion beam 
irradiated to each point of the wafer by changing a beam 
scanning speed or a reciprocating speed in accordance with 
the irradiation position on the wafer. 

Although it is possible to control the amount of the ion 
irradiated to each point by changing the beam scanning speed 
in accordance with each point of the wafer, there is a case in 
which the amount of the ion irradiated to each point per unit 
time may be changed by a change in beam Scanning speed. 
Since the amount of the damage for the wafer caused by the 
implantation of the ion is changed by the ion irradiation 
amount per unit time, there is a concern that maintenance of 
a semiconductor production quality may be affected when the 
ion irradiation amount per unit time changes. 

SUMMARY OF THE INVENTION 

The invention is made in view of such circumstances, and 
an object thereof is to provide a technique of controlling both 
an ion irradiation amount distribution and an ion irradiation 
amount per unit time. 

According to an aspect of the invention, there is provided 
an ion implantation method for implanting ions into a wafer 
by scanning an ion beam in a reciprocating manner while 
reciprocating the wafer in a direction perpendicular to a beam 
scanning direction, the ion implantation method including: 
scanning the ion beam by outputting a reference control 
waveform to a beam Scanner, measuring an ion irradiation 
amount distribution of the ion beam in the beam scanning 
direction, wherein the ion beam is scanned based on the 
reference control waveform; generating a correction control 
waveform by using the measured ion irradiation amount dis 
tribution; and irradiating the ion beam to the wafer by output 
ting the generated correction control waveform to the beam 
scanner, wherein the ion beam is scanned based on the cor 
rection control waveform. The reference control waveform is 
a control waveform for Scanning the ion beam so that a scan 
ning speed distribution indicating a change value of each 
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2 
beam position in time in the beam Scanning direction at a 
wafer position becomes a first scanning speed distribution 
and a scanning period becomes a first scanning period. The 
ion irradiation amount distribution indicates the distribution 
of the totalion irradiation amount of each beam position in the 
beam scanning direction at the wafer position when scanning 
the ion beam over the wafer a predetermined number of times 
in a reciprocating manner. The correction control waveform is 
a control waveform for Scanning the ion beam so that the 
scanning speed distribution becomes a second scanning 
speed distribution and a scanning period becomes a second 
scanning period. The second scanning speed distribution is a 
scanning speed distribution for Scanning the ion beam so that 
the ion irradiation amount distribution becomes a target dis 
tribution. The second scanning period is a scanning period 
that is adjusted so that the ion irradiation amount distribution 
per unit time of the ion beam Scanned by the second scanning 
speed distribution becomes a target value. The generating the 
correction control waveform includes calculating the second 
scanning speed distribution by using the first scanning speed 
distribution and the measured ion irradiation amount distri 
bution and calculating the second scanning period by using 
the calculated second scanning speed distribution. 

According to another aspect of the invention, there is pro 
vided an ion implantation apparatus. The ion implantation 
apparatus includes: a beam Scanner; a reciprocation device 
that is provided at the downstream side of the beam scanner 
and reciprocates a wafer in a direction perpendicular to a 
beam scanning direction; a beam measurement unit that is 
able to measure an ion irradiation amount distribution in the 
beam Scanning directionata wafer position; and a control unit 
that outputs a control waveform to the beam scanner for 
scanning the ion beam in a reciprocating manner. The control 
unit includes an output unit that outputs a reference control 
waveform to the beam Scanner, an acquisition unit that 
acquires the ion irradiation amount distribution measured for 
the ion beam scanned based on the reference control wave 
form from the beam measurement unit, and a generation unit 
that generates a correction control waveform by using the 
acquired ion irradiation amount distribution. The reference 
control waveform is a control waveform for Scanning the ion 
beam so that a scanning speed distribution indicating a 
change value of each beam position in time in the beam 
scanning direction at a wafer position becomes a first scan 
ning speed distribution and a scanning period becomes a first 
scanning period. The ion irradiation amount distribution indi 
cates the distribution of the total ion irradiation amount of 
each beam position in the beam Scanning direction at the 
wafer position when Scanning the ion beam over the wafer a 
predetermined number of times in a reciprocating manner. 
The correction control waveform is a control waveform for 
scanning the ion beam so that the Scanning speed distribution 
becomes a second scanning speed distribution and a scanning 
period becomes a second scanning period. The second scan 
ning speed distribution is a scanning speed distribution for 
scanning the ion beam so that the ion irradiation amount 
distribution becomes a target distribution. The second scan 
ning period is a scanning period that is adjusted so that the ion 
irradiation amount distribution per unit time of the ion beam 
scanned by the second scanning speed distribution becomes a 
target value. The generation unit includes a first calculation 
unit that calculates the second scanning speed distribution by 
using the first scanning speed distribution and the acquired 
ion irradiation amount distribution and a second calculation 
unit that calculates the second scanning period by using the 
calculated second scanning speed distribution. The generated 
correction control waveform is output to the beam Scanner, 
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and the ion beam scanned based on the correction control 
waveform is irradiated to the wafer. 

In addition, the arbitrary combination of the components or 
the expression or the components of the invention may be 
Substituted in the method, the apparatus, and the system and 
the substitution thereof may be effectively used as the aspect 
of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1A is a top view illustrating the schematic configura 
tion of anion implantation apparatus according to an embodi 
ment and FIG. 1B is a side view illustrating the schematic 
configuration of the ion implantation apparatus according to 
the embodiment; 

FIG. 2 is a front view illustrating a relation between a 
reciprocated wafer and a scanned ion beam; 

FIG. 3 is a top view illustrating a scanning range of the ion 
beam; 

FIG. 4A is a schematic view illustrating a method for 
measuring anion irradiation amount distribution and FIG. 4B 
is a graph illustrating an example of the measured ion irra 
diation amount distribution; 

FIG. 5A is a graph illustrating an example of a reference 
control waveform, FIG. 5B is a graph illustrating an example 
of a scanning speed distribution of an ion beam Scanned by 
the reference control waveform, and FIG.5C is a graph illus 
trating an example of an ionirradiation amount distribution of 
an ion beam scanned by the reference control waveform; 

FIG. 6A is a graph illustrating an example of an adjusted 
scanning speed distribution and FIG. 6B is a graph illustrating 
an example of an adjusted ionirradiation amount distribution; 

FIG. 7 is a graph illustrating an example of an adjusted 
control waveform for obtaining an adjusted Scanning speed 
distribution; 

FIG. 8A is a graph illustrating an example of an uncor 
rected control waveform and FIG.8B is a graph illustrating an 
example of a correction control waveform of which a scan 
ning period is corrected; 

FIG. 9A is a graph illustrating an example of a scanning 
speed distribution of an ion beam Scanned by the correction 
control waveform and FIG. 9B is a graph illustrating an 
example of an ion irradiation amount distribution of an ion 
beam scanned by the correction control waveform: 

FIG. 10 is a block diagram illustrating the functional con 
figuration of a control unit; 

FIGS. 11A and 11B are schematic views illustrating a 
variable aperture; 

FIG. 12 is a flowchart illustrating the operation procedure 
of the ion implantation apparatus according to the embodi 
ment, 

FIGS. 13A and 13B are graphs illustrating an example of a 
correction control waveform according to a modified 
example; 

FIG. 14 is a graph illustrating an example of a correction 
control waveform according to a modified example: 

FIG. 15 is a graph illustrating an example of a correction 
control waveform according to a modified example: 

FIG. 16A is a graph illustrating an example of a reference 
control waveform according to a modified example, FIG.16B 
is a graph illustrating an example of a scanning speed distri 
bution of anion beam scanned by the reference control wave 
form according to the modified example, and FIG.16C is a 
graph illustrating an example of an ion irradiation amount 
distribution of the ion beam scanned by the reference control 
waveform according to the modified example; 
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4 
FIG. 17A is a graph illustrating an example of an ion 

irradiation amount distribution having a non-uniform shape, 
FIG. 17B is a graph illustrating an example of a scanning 
speed distribution of an ion beam that realizes the ion irradia 
tion amount distribution having a non-uniform shape, and 
FIG. 17C is a graph illustrating an example of a correction 
control waveform that realizes the ion irradiation amount 
distribution having a non-uniform shape; and 

FIG. 18 is a graph illustrating an example of a correction 
control waveform according to a modified example. 

DETAILED DESCRIPTION OF THE INVENTION 

The invention will now be described by reference to the 
preferred embodiments. This does not intend to limit the 
Scope of the present invention, but to exemplify the invention. 

Hereinafter, embodiments of the present invention will be 
described in detail with reference to the drawings. The same 
reference sign will be assigned to the same element in the 
drawings, and duplicate description thereof will not be pre 
sented as is appropriate. The configurations described below 
are merely examples but are not for purposes of limiting the 
Scope of the present invention. 

Prior to the description of the embodiment, the outline of 
the invention will be described. An ion implantation appara 
tus according to the embodiment includes a beam scanner for 
scanning an ion beam, a beam measurement unit that mea 
Sures anion irradiation amount distribution in the beam scan 
ning direction at a wafer position, and a control unit that 
outputs a control waveform to the beam scanner for scanning 
the ion beam in a reciprocating manner. The control unit 
controls the ion irradiation amount distribution by determin 
ing a scanning speed distribution representing a change in 
time of each beam position in the beam Scanning direction at 
the wafer position and outputting a control waveform for 
realizing the scanning speed distribution. For example, the 
ion irradiation amount is increased by decreasing the scan 
ning speed at the position where the ion irradiation amount 
measured by the beam measurement unit is Small. Mean 
while, the ion irradiation amount is decreased by increasing 
the scanning speed at the position where the ion irradiation 
amount is large. 

However, when the scanning speed distribution is changed 
by increasing or decreasing the Scanning speed of each point, 
the scanning period as the time taken for Scanning the ion 
beam in a reciprocating manner changes. If the scanning 
period changes even when the ion irradiation amount (the ion 
irradiation amount distribution) for each point during one 
reciprocating scanning operation is the same before and after 
the adjustment of the scanning speed distribution, the ion 
irradiation amount per unit time (the ion irradiation amount 
distribution per unit time) for each point changes. When the 
ion irradiation amount per unit time changes, the damage 
amount for the wafer caused by the ion implantation will 
change. As a result, there is a possibility that the ion implan 
tation processing cannot be performed as expected. 

Here, in the embodiment, the Scanning period is adjusted 
without causing a change in the ion irradiation amount per 
unit time even when the scanning speed distribution is 
changed. Specifically, the ion beam over-scans the wafer So 
that the scanning speed distribution becomes a desired distri 
bution within a range of a wafer. At this time, the scanning 
period taken for one reciprocating scanning of the ion beam is 
adjusted by adjusting the time in which the ion beam is 
located outside range of the wafer. Accordingly, the quality of 
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the ion implantation processing is improved by controlling 
both the ion irradiation amount distribution and the ion irra 
diation amount per unit time. 

FIG. 1 is a schematic diagram that illustrates anion implan 
tation apparatus 10 according to an embodiment. FIG. 1A is 
a top view that illustrates a schematic configuration of the ion 
implantation apparatus 10, and FIG. 1B is a side view that 
illustrates a schematic configuration of the ion implantation 
apparatus 10. 
The ion implantation apparatus 10 is configured to perform 

the ion implantation processing on the Surface of the target W. 
The target W is, for example, a substrate. For example, the 
Substrate may be a semiconductor wafer. Thus, for conve 
nience of description, the target W may be referred to as the 
wafer W. However, it is not intended that the target of the 
implantation processing is limited to a specific object. 
The ion implantation apparatus 10 is configured to irradiate 

the ion beam B to the entire wafer W by at least one of the 
operations of Scanning the beam in a reciprocating manner 
and reciprocating the wafer W. In the present specification, 
for convenience of description, the traveling direction of the 
ion beam B in design is defined as the Z direction, and the 
plane perpendicular to the Z direction is defined as the XY 
plane. In the case where the ion beam B is scanned over the 
target W, the scanning direction of the beam is defined as the 
X direction, and the direction perpendicular to the Z direction 
and the X direction is defined as the Y direction. Thus, the 
beam scanning is performed in the X direction, and the recip 
rocation of the wafer W is performed in the Y direction. 
The ion implantation apparatus 10 includes an ion source 

12, a beam line device 14, and an implantation processing 
chamber 16. The ion source 12 is configured to supply the ion 
beam B to the beam line device 14. The beam line device 14 
is configured to transportions from the ion Source 12 to the 
implantation processing chamber 16. In addition, the ion 
implantation apparatus 10 includes a vacuum pumping sys 
tem (not illustrated in the figure) that is used for providing a 
desired vacuum environment for the ion source 12, the beam 
line device 14, and the implantation processing chamber 16. 
As illustrated in the drawings, a beam line device 14 

includes, for example, a mass analyzing unit 18, a variable 
aperture 20, a beam focusing/defocusing unit 22, a first beam 
measurement unit 24, a beam Scanner 26, a parallelizing lens 
30 or a beam parallelizing device, and an angular energy filter 
(AEF) 34 in order from the upstream side. In addition, the 
upstream side of the beam line device 14 indicates the side 
near an ion source 12, and the downstream side indicates the 
side near an implantation processing chamber 16 (or a beam 
stopper 38). 
The mass analyzing unit 18 is provided at the downstream 

side of the ion source 12, and is configured to analyze the 
necessary ion species from the ion beam B extracted from the 
ion source 12. 
The variable aperture 20 is an aperture capable of adjusting 

the aperture width, and adjusts the beam current amount of 
the ion beam B passing through the aperture by changing the 
aperture width. The variable aperture 20 includes, for 
example, upper and lower aperture plates which are disposed 
on the beam line interposed therebetween, and may adjust the 
beam current amount by changing the gap between the aper 
ture plates. 

The beam focusing/defocusing unit 22 includes a focusing 
lens such as a quadrupole focusing device (Q-lens), and is 
configured to shape the ion beam B which has passed through 
the variable aperture 20 into a desired cross-sectional shape. 

The first beam measurement unit 24 is disposed so as to 
move into or out of the beam line, and is an injector flag 
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6 
faraday cup for measuring the current of the ion beam. The 
first beam measurement unit 24 includes a faraday cup 24b 
which measures a beam current and a driving unit 24a which 
moves the faraday cup 24b up and down. When the faraday 
cup 24b is disposed on the beam line as indicated by the 
dashed line of FIG. 1B, the ion beam B is interrupted by the 
faraday cup 24b. Meanwhile, when the faraday cup 24b is 
separated from the beam line as indicated by the solid line of 
FIG. 1B, the interruption of the ion beam B is canceled. 
The beam scanner 26 is a deflection unit which is config 

ured to Scan the focused ion beam B in reciprocating manner 
in the X direction. The beam Scanner 26 includes scanning 
electrodes 28 which are separated from each other in the X 
direction . The scanning electrodes 28 are connected to a 
variable voltage source (not illustrated), and deflect the ion 
beam B by changing an electric field generated between the 
electrodes in accordance with a change in the Voltage applied 
to the scanning electrodes 28. In this way, the ion beam B is 
scanned over the scanning range in the X direction. In addi 
tion, the scanning direction and the scanning range of the 
beam indicated by the arrow X are exemplified in FIG. 1A, 
and a plurality of lines of the ion beam B in the scanning range 
are indicated by the dash-dotted chain lines. 
The parallelizing lens 30 is configured to cause the travel 

ing direction of the scanned ion beam B to be parallel to each 
other. The parallelizing lens 30 includes a circular-arc P-lens 
electrode 32 having an ion beam passage slit at the center 
portion thereof. The P-lens electrode 32 is connected to a 
high-voltage power Supply (not illustrated), and sets the trav 
eling direction of the ion beam B in parallel by exerting the 
electric field generated by supplied voltage to the ion beam B. 
The angular energy filter 34 analyzes the energy of the ion 

beam B, deflects the ion which has desired energy downward, 
and leads the ion to the implantation processing chamber 16. 
The angular energy filter 34 includes a magnetic field deflec 
tion magnet (not illustrated) and an electric field deflection 
AEF electrode 36. A high-voltage power supply (not illus 
trated) is connected to the AEF electrode 36. In FIG. 1B, a 
positive voltage is applied to the upper AEF electrode 36 and 
a negative voltage is applied to the lower AEF electrode 36, so 
that the ion beam B is deflected downward. 

In this way, the beam line device 14 supplies the ion beam 
B to be irradiated to the wafer W to the implantation process 
ing chamber 16. 
The implantation processing chamber 16 includes a recip 

rocation device 44 (see FIG. 2) which holds one or plural 
wafers W and supplies the wafer W to the ion beam B if 
necessary by the relative movement (for example, in the Y 
direction). FIG. 1B illustrates a state where the wafer W 
moves in a reciprocating manner along the arrow Y. Further, 
the implantation processing chamber 16 includes the beam 
stopper 38. When the wafer W does not exist on the beam 
path, the ion beam B is input to the beam stopper 38. 
The implantation processing chamber 16 is provided with 

a second beam measurement unit 50 which measures the ion 
irradiation amount of the ion beam. The second beam mea 
surement unit 50 includes side cups 40R and 40L and a center 
cup 42. 
The side cups 40R and 40L are disposed so as to be devi 

ated from the wafer W in the X direction, and are disposed at 
a position where the ion beam directed to the wafer W is not 
interrupted during the ion implantation processing. Since the 
ion beam B is over-scanned in a range exceeding the range of 
the wafer W. a part of the scanning beam is input to the side 
cups 40R and 40L even in the ion implantation processing. 
Accordingly, the ion irradiation amount of the ion implanta 
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tion processing is measured. The measurement values of the 
side cups 40R and 40L are transmitted to the second beam 
measurement unit 50. 
The center cup 42 is used to measure the ion irradiation 

amount distribution of the surface of the wafer W. The center 
cup 42 is movable, and is retracted from the wafer position 
during the ion implantation processing, and is inserted into 
the wafer position when the wafer W does not exist at the 
irradiation position . The center cup 42 measures the ion 
irradiation amount distribution in the beam scanning direc 
tion by measuring the ion irradiation amount while the center 
cup 42 being moved in the X direction. The measurement 
value of the center cup 42 is transmitted to the second beam 
measurement unit 50. In addition, the center cup 42 may be 
formed in an array shape in which a plurality of faraday cups 
are arranged in the X direction so as to simultaneously mea 
Sure the ion irradiation amount of a plurality of positions in 
the beam Scanning direction. 

The implantation processing chamber 16 is provided with 
protective plates 46R and 4.6L. The protective plates 46R and 
46L are disposed so as to be deviated from the wafer W in the 
X direction, and are disposed at a position where the ion beam 
directed to the wafer W or the ion beam directed to the side 
cups 40R and 40L is not interrupted during the ion implanta 
tion processing. The protective plates 46R and 4.6L prevent 
the ion beam, which is over-scanned in a range exceeding the 
range of the wafer W, from being irradiated to the inner wall 
of the implantation processing chamber 16 or the device 
provided inside the implantation processing chamber 16. The 
protective plates 46R and 4.6L are composed of graphite or the 
like. In addition, the protective plates 46R and 4.6L may be 
provided at the downstream side of the beam scanner 26 or 
may be provided at the beam line device 14. 
The control unit 60 controls the operation of each of the 

devices constituting the ion implantation apparatus 10. The 
control unit 60 adjusts the scanning speed distribution and the 
scanning period of the ion beam by generating the control 
waveform for Scanning the ion beam and outputting the con 
trol waveform to the beam scanner 26. Further, the control 
unit 60 acquires the value of the ion irradiation amount and 
the ion irradiation amount distribution measured by the sec 
ond beam measurement unit 50 in order to adjust the control 
waveform. In addition, the control unit 60 controls a beam 
current adjustment unit like the ion source 12 or the variable 
aperture 20 provided at the upstream side of the beam scanner 
26 in order to adjust the beam current amount of the ion beam 
before scanned. Further, the control unit 60 controls the 
operation of the reciprocation device 44. 

FIG. 2 is a front view illustrating a relation between the 
reciprocated wafer W and the scanned ion beam B. In FIG. 2, 
the ion beam B is scanned in the horizontal direction (the X 
direction), and the wafer W is reciprocated in the vertical 
direction (the Y direction) while being held by the reciproca 
tion device 44. FIG. 2 illustrates the operation range of the 
reciprocation device 44 by illustrating the wafer W1 at the 
uppermost position and the wafer W2 at the lowermost posi 
tion. 

Further, in the ion beam B scanned by the beam scanner, 
the scanning range of the ion beam is indicated by the ion 
beam B4 at the scanning end position. The ion beam B is 
configured to be over-scanned in a range passing through the 
positions of the side cups 40R and 40L disposed at the right 
and left sides of the reciprocation device 44 or the position of 
the centercup 42 movable in the X direction. In addition, FIG. 
2 illustrates a state where the ion beam B which is long in the 

5 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

8 
horizontal direction is scanned. However, the shape of the ion 
beam B may be long in the vertical direction or may be 
Substantially circular. 

FIG. 3 is a view illustrating the scanning range of the ion 
beam B and corresponds to the top view of FIG. 2. In FIG. 3, 
the entire scannable range of the ion beam B is indicated by a 
scanning range C. The scanning range C may be roughly 
classified into two ranges of an irradiation area C1 and a 
non-irradiation area C2. The irradiation area C1 is the range 
of the wafer W. and may be called an inner range in relation to 
the positions of the side cups 40R and 40L. Thus, the ion beam 
B1 directed to the irradiation area C1 is input to the wafer W 
reciprocated by the reciprocation device 44, and hence the ion 
beam contributes to the ion implantation processing. Mean 
while, the non-irradiation area C2 is an area which is located 
at the outside of the irradiation area C1 and corresponds to the 
outside of the range of the wafer W. Thus, the ion beams B3 
and B4 which are directed to the non-irradiation area C2 are 
not input to the wafer W reciprocated by the reciprocation 
device 44, and do not contribute to the ion implantation pro 
cessing. 

Further, the non-irradiation area C2 includes a side mea 
Surement position C3 and a scanning end position C4. The 
side measurement position C3 corresponds to the installation 
positions of the side cups 40R and 40L. Since the ion beams 
B3 which are directed to the side measurement positions C3 
are input to the side cups 40R and 40L, the ion irradiation 
amount can be measured even during the ion implantation 
processing by scanning the ion beam up to the side measure 
ment positions C3. The scanning end positions C4 correspond 
to the installation positions of the protective plates 46R and 
46L. Thus, the ion beams B4 which are directed to the scan 
ning end positions C4 are input to the protective plates 46R 
and 4.6L. For that reason, since the ion beam is scanned up to 
the scanning end position C4, it is possible to prevent the ion 
beam from being irradiated to an unexpected position inside 
the implantation processing chamber 16. 
As illustrated in FIG. 3, the movable center cup 42 may 

measure the ion irradiation amount distribution at the position 
A corresponding to the wafer Surface in a partial range (for 
example, a range excluding the Scanning end position C4) of 
the irradiation area C1 and the non-irradiation area C2. The 
position A corresponds to the same position of the wafer 
surface in the Z direction with respect to the Z direction as the 
traveling direction of the ion beam B. When the irradiation 
area C1 is divided into about one thousand micro Zones and 
the ion irradiation amount is measured for each micro Zone 
while the center cup 42 is moved in the X direction, the ion 
irradiation amount distribution in the beam scanning direc 
tion (the X direction) on the wafer surface may be obtained. 

FIG. 4A is a schematic view illustrating a method for 
measuring the ion irradiation amount distribution, and FIG. 
4B is a graph illustrating an example of the measured ion 
irradiation amount distribution D(x). As illustrated in FIG. 
4A, the Zone corresponding to the irradiation area C1 is 
divided into n number of minute Zones A1 to An with respect 
to the position A corresponding to the wafer Surface. The 
division number n is, for example, about 1000 due to the 
resolution of the ion irradiation amount distribution to be 
measured. When the length of the irradiation area C1 is indi 
cated by L, the width dx of each minute Zone satisfies the 
relation of dx=L/n. Additionally, in FIG. 4A, the Zone which 
corresponds to the irradiation area C1 is set as the measure 
ment target of the ion irradiation amount distribution, but the 
non-irradiation area C2 which is located outside the irradia 
tion area C1 may be included as the measurement target of the 
ion irradiation amount distribution. 
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FIG. 4A illustrates a state where the ion beam B is input to 
the i-th minute Zone Ai among the n number of the minute 
Zones. Further, the ion input amount G(x) per unit time of the 
ion beam B which is input to the position X and the scanning 
speed S(x) of the ion beam B at the position X are expressed 
where the position of the minute Zone Ai is indicated by the 
variable x. The ion input amount G(x) per unit time becomes 
a different value at each position due to the non-linearity 
caused by the optical design of the beam line device and the 
like. Here, in the embodiment, the ion input amount G(x) per 
unit time at the position A is expressed as the function of the 
variable X. Here, the ion input amount G(x) per unit time 
corresponds to the average value in time of the ion input 
amount which is input to the position X when the ion beam B 
stays at the specific position X without any scanning opera 
tion. In addition, the ion input amount G(x) per unit time may 
increase or decrease in proportion to the value of the beam 
current amount I of the ion beam B which is input to the 
beam scanner 26. 

The time dt necessary for the ion beam B having the scan 
ning speed S(X) and passing through the minute Zone dx may 
be expressed by dt=dx/S(x). When the ion beam of the ion 
input amount G(x) per unit time passes through the minute 
Zone dx once in an one-way manner, the ion irradiation 
amount D(x) irradiated to the minute Zone dx is expressed by 
D(x)=G(x)dt and D(x)=dx*G(x)/S(x). When the ion irradia 
tion amount D(x) is measured at each of the minute Zones A1 
to An, the graph of the ion irradiation amount distribution 
illustrated in FIG. 4B may be obtained. 

Here, since the ion irradiation amount distribution D(x) 
which is expressed as the function of the position X deter 
mines the ion implantation amount for each place of the wafer 
W, there is a need to control the ion irradiation amount dis 
tribution in order to perform the ion implantation processing 
as expected. For example, when there is a need to perform a 
uniform ion implantation processing on the entire wafer W, it 
is desirable to set the uniform ion irradiation amount distri 
bution. Meanwhile, when there is a need to implant a large 
amount of ion to a part of the wafer W compared to the other 
part thereof, it is desirable to set the non-uniform ion irradia 
tion amount distribution. 

In order to obtain the ion irradiation amount distribution 
having a desired shape, the value of the ionirradiation amount 
D(x) at each minute Zone dx may be determined. From the 
above-described relation of D(x)=dx*G(x)/S(x), the ion input 
amount G(x) per unit time and the scanning speed S(X) may 
be controlled in order to control the ion irradiation amount 
D(X). At this time, since the ion input amount G(x) per unit 
time depends on the optical arrangement of the beam line 
device and the like, it is difficult to arbitrarily control the ion 
input amount G(x) per unit time in response to the position X. 
Meanwhile, the scanning speed S(X) may be arbitrarily con 
trolled by a certain degree by changing the Voltage waveform 
of the beam scanner. Here, in the embodiment, the ion irra 
diation amount distribution is controlled by controlling the 
scanning speed S(X). 

FIG. 5A is a graph illustrating a reference control wave 
form P. Here, the reference control waveform Pindicates the 
control waveform which is output to the beam scanner 26 
before the ion irradiation amount distribution is adjusted to an 
arbitrary shape. Further, in the embodiment, the control 
waveform may be the Scanning Voltage waveform which is 
applied to the beam scanner 26, and indicates the waveform 
representing a change in time of a potential difference across 
both electrodes of the scanning electrodes 28. In addition, the 
control waveform which is output from the control unit 60 to 
the beam Scanner 26 may be a control signal for controlling 
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10 
the beam scanner 26 so that the voltage waveform applied to 
the beam scanner 26 is depicted as the graph illustrated in 
FIG. 5A. The control waveform in this case may have any 
shape as long as a signal for generating the Voltage waveform 
illustrated in FIG. 5A is generated. 
As illustrated in FIG.5A, the reference control waveform P 

is a triangular wave of which the amplitude is a second Volt 
age V and repetition period is To. The second Voltage V 
corresponds to the Scanning Voltage in which the ion beam is 
directed to the non-irradiation area C2. Further, a first voltage 
V which is Smaller than the second Voltage V corresponds to 
the scanning Voltage in which the ion beam is directed to the 
vicinity of the boundary between the irradiation area C1 and 
the non-irradiation area C2. Thus, when the ion beam is 
scanned based on the reference control waveform P illus 
trated in FIG.5A, the ion beam is over-scanned up to an area 
exceeding the irradiation area C1. 

FIG. 5B is a graph illustrating an example of the scanning 
speed distribution S(x) of the ion beam scanned by the ref 
erence control waveform P. and illustrates a state where the 
scanning speed becomes a constant speed So regardless of the 
place. In addition, FIG.5B illustrates the absolute value of the 
scanning speed, and the forward and backward paths for the 
reciprocating scanning operation have positive and negative 
reversal scanning speed values. Further, the graph of the 
scanning speed below also illustrates the absolute value of the 
scanning speed similarly to FIG. 5B. 
The scanning speed S corresponds to V(t)/dt as the tempo 

ral differentiation of the voltage V(t) which is applied to the 
beam Scanner. For that reason, the scanning speed becomes a 
constant value So in the triangular wave which changes lin 
early with respect to the time. In addition, when the triangular 
wave is applied as the reference control waveform P the 
scanning speed does not need to be constant at all times, and 
a scanning speed distribution having a different speed in 
accordance with the place may be set. Further, in the present 
specification, the scanning speed distribution S(X) corre 
sponding to the reference control waveform P is referred to as 
the “first scanning speed distribution”. 

FIG. 5C is a graph illustrating an example of the ion irra 
diation amount distribution Do(X) of the ion beam scanned by 
the reference control waveform P. FIG.5C illustrates the ion 
irradiation amount distribution D(x) in the case where the 
ion irradiation amount in the vicinity of the center of the 
irradiation area is larger and the ion irradiation amount in the 
vicinity of both ends of the irradiation area is smaller. Since 
the scanning speed S(x) is the constant value So, it may be 
mentioned that the ion input amount G(x) per unit time is not 
linear with respect to the position X from the relation of 
D(x)=dx*G(x)/S(x). If there is a need to uniformly implant 
the ion into the wafer W, a problem of such an ion irradiation 
amount distribution occurs. Here, the ion irradiation amount 
distribution is adjusted by adjusting the first scanning speed 
distribution. In addition, the average value D indicates the 
average value in space of the ion irradiation amount in the 
entire Scanning area. 
When the ion input amount G(x) does not change before 

and after the adjustment, the unadjusted ion irradiation 
amount distribution D(x) may be expressed as Do (x)=dxG 
(X)/So(X), and the adjusted ion irradiation amount distribution 
D(x) may be expressed as D(x)=dx*G(x)/S (x). Here, S(x) 
indicates the unadjusted Scanning speed distribution (the first 
scanning speed distribution), and S(X) indicates the adjusted 
scanning speed distribution. When both equations are joined, 
the adjusted Scanning speed distribution is expressed by 
S(X)=S(X)*Do(X)/D (X). Thus, the adjusted Scanning speed 
distribution S(x) for obtaining the desired ion irradiation 
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amount distribution D (X) may be derived from the scanning 
speed distribution S(X) and the ion irradiation amount dis 
tribution D(x) based on the reference control waveform. For 
example, when the desired ionirradiation amount distribution 
D(x) is set to a constant value, a uniform ion irradiation 
amount distribution which is not dependent on the position X 
may be obtained. 

Hereinafter, a case will be described in which the adjusted 
ion irradiation amount distribution is adjusted to match the 
unadjusted average value D. In the adjustment method, the 
ion irradiation amount distribution is adjusted so that the ion 
irradiation amount obtained by integrating the ion irradiation 
amount distribution in the beam scanning direction is the 
same before and after the adjustment. In addition, in the 
modified example, the ion irradiation amount distribution 
may be adjusted so that the unadjusted ion irradiation amount 
and the adjusted ion irradiation amount are different from 
each other. 

FIG. 6A is a graph illustrating an example of the adjusted 
scanning speed distribution S(X), and FIG. 6B is a graph 
illustrating an example of the adjusted ion irradiation amount 
distribution D(x). In either graph, the unadjusted distribu 
tion is indicated by the thin line, and the adjusted distribution 
is indicated by the thick line. As illustrated in FIG. 6A, the 
adjusted Scanning speed distribution S(X) has a shape similar 
to the unadjusted ion irradiation amount distribution Do(X). 
From the above-described relation, the relation of S(x)=(So/ 
D)*D(x) is satisfied. When the ion beam is scanned so as 
to obtain the scanning speed distribution S(X) illustrated in 
FIG. 6A, a uniform ion irradiation amount distribution D(x) 
which is equal to D illustrated in FIG. 6B may be obtained. 
In the present specification, the adjusted scanning speed dis 
tribution S(X) is also referred to as the 'second scanning 
speed distribution”. 

FIG. 7 is a graph illustrating the adjusted control waveform 
Q for obtaining the adjusted scanning speed distribution 
S(x). In FIG.7, the unadjusted reference control waveform P 
is indicated by the thin line, and the adjusted control wave 
form Q is indicated by the thick line. The adjusted control 
waveform Q is a control waveform for realizing the adjusted 
scanning speed distribution S(X), and may be obtained by 
integrating, for example, the adjusted Scanning speed distri 
bution S(x) in time. 
As illustrated in FIG. 6A, since the scanning speed distri 

bution S(X) has a shape in which the Scanning speed is fast in 
the vicinity of the center of the irradiation area and is slow in 
the vicinity of both ends of the irradiation area, the adjusted 
control waveform Q becomes a voltage waveform in which 
the inclination at both ends is smaller and the inclination at the 
center is larger as illustrated in FIG. 7. As a result, a differ 
ence is generated between the Scanning period T of the 
adjusted control waveform Q and the scanning period To of 
the reference control waveform P. In the example illustrated 
in FIG. 7, the scanning period T of the adjusted control 
waveform Q becomes longer than the scanning period To of 
the reference control waveform P. 
When the scanning period changes, the ion irradiation 

amount distribution per unit time for the wafer W changes. As 
illustrated in FIG. 6B, the average value D of the ion 
irradiation amount distribution is the same before and after 
the adjustment. However, the ion irradiation amount distribu 
tion illustrated in FIG. 6B illustrates the ion irradiation 
amount for each scanning operation in a one-way manner. For 
that reason, the scanning period which is necessary for the 
irradiation of the ion beam of the same ion irradiation amount 
D extends from the unadjusted period To to the adjusted 
period T before and after the adjustment. As a result, the ion 
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irradiation amount distribution K(x) per unit time of the rela 
tion of K(x)=D(x)/T obtained by dividing the ion irradiation 
amount distribution D(x) by the period T changes before and 
after the adjustment. When the ion irradiation amount distri 
bution per unit time changes, the result obtained by the ion 
implantation is influenced. 

Here, in the embodiment, the scanning period is not 
changed before and after the adjustment so that the ion irra 
diation amount distribution K(x) per unit time is not changed 
before and after the adjustment. Specifically, the scanning 
speed distribution in the irradiation area is set to a desired 
speed distribution, and the Scanning speed distribution in the 
non-irradiation area is corrected to a distribution for matching 
the scanning period. 

FIG. 8A is a graph illustrating an example of the uncor 
rected control waveform Q, and is similar to the graph illus 
trating the example of the adjusted control waveform Q illus 
trated in FIG. 7. In FIG. 8A, the time corresponding to the 
scanning period T for one reciprocating operation is divided 
into four Zones, and the time values of the Zones are set as t 
to ta. The time which is necessary for the first Zone in which 
the scanning Voltage changes from -V to V is set ast, and 
the time which is necessary for the second Zone in which the 
scanning Voltage returns to V after the Voltage changes from 
V to V is set as ta. Further, the time which is necessary for 
the third Zone in which the scanning Voltage changes from V 
to -V is set as ts, and the time which is necessary for the 
fourth Zone in which the scanning voltage returns to -V. after 
the Scanning Voltage changes from-V to -V is setast. The 
first Zone and the third Zone respectively correspond to the 
forward path and the backward path when the ion beam 
passes through the irradiation area. Thus, the time t and the 
time t, which are necessary for the first Zone and the third 
Zone may be also referred to as the “irradiation time'. Mean 
while, the second Zone and the fourth Zone correspond to the 
case where the ion beam passes through the non-irradiation 
area. Thus, the time t and the time t which are necessary for 
the second Zone and the fourth Zone may be also referred to as 
the “non-irradiation time'. When the time t to the time t 
taken for the ion beam from the first Zone to the fourth Zone 
are Summed, the Summed time becomes the scanning period 
T before the correction (after the adjustment). In addition, 
the time which is necessary for each Zone may be obtained by 
the integration in each Zone based on ?ids/S(x) using the 
uncorrected (adjusted) scanning speed distribution S(X). 

FIG. 8B is a graph illustrating an example of the correction 
control waveform R of which the scanning period is cor 
rected. The correction control waveform Rillustrated in FIG. 
8B is a waveform similar to the uncorrected control waveform 
Q illustrated in FIG. 8A at the first Zone and the third Zone, 
and the control waveform is changed to a triangular wave at 
the second Zone and the fourth Zone. At this time, the non 
irradiation time ts and the non-irradiation time to which are 
necessary for the second Zone and the fourth Zone are cor 
rected so that the sum of the irradiation time t and the irra 
diation time t which are necessary for the first Zone and the 
third Zone match the unadjusted Scanning period To. In other 
words, the non-irradiation timets and the non-irradiation time 
to are set So as to satisfy the relation ofts+t-To-(t+t). When 
the correction control waveform R illustrated in FIG. 8B is 
corrected so as to match the unadjusted and adjusted Scanning 
periods, the ion irradiation amount distribution per unit time 
may be the same before and after the adjustment. 

FIG. 9A is a graph illustrating an example of the scanning 
speed distribution of the ion beam scanned by the correction 
control waveform R. As illustrated in FIG.9A, in the irradia 
tion area, the scanning speed distribution S(X) and the scan 
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ning speed distribution S(x) before and after the correction 
are set to the same speed distribution. Meanwhile, in the 
non-irradiation area, the Scanning speed distribution S(X) 
and the scanning speed distribution S(X) before and after the 
correction are different from each other. Specifically, only the 
speed distribution of the non-irradiation area becomes faster 
due to the correction in which the corrected scanning period 
To becomes shorter than the uncorrected scanning period T. 
FIG.9B is a graph illustrating an example of the ion irra 

diation amount distribution of the ion beam scanned by the 
correction control waveform R. As illustrated in FIG. 9A, 
since the Scanning speed distribution is the same at the irra 
diation area before and after the correction, the ion irradiation 
amount distribution D(x) and the ion irradiation amount 
distribution D(x) are set to the same distribution. Accord 
ingly, it is possible to irradiate the ion beam having a desired 
ion irradiation amount distribution to the wafer W by correct 
ing the ion irradiation amount distribution per unit time in the 
irradiation area. Meanwhile, since the scanning speed distri 
bution changes in the non-irradiation area before and after the 
correction, the ion irradiation amount distribution D(x) and 
the ion irradiation amount distribution DCX) are different 
from each other. However, since the wafer W does not exist in 
the non-irradiation area, the ion irradiation amount distribu 
tion for the wafer W is not influenced even when the ion 
irradiation amount distribution in the non-irradiation area is 
any distribution. Thus, it is possible to control both the ion 
irradiation amount distribution and the ion irradiation amount 
per unit time by Scanning the ion beam based on the correc 
tion control waveform R obtained as described above. 
Accordingly, it is possible to improve the quality of the ion 
implantation processing. 

Subsequently, the configuration of the control unit 60 
which generates the correction control waveform will be 
described. FIG. 10 is a block diagram illustrating the func 
tional configuration of the control unit 60. The control unit 60 
includes an acquisition unit 62, a generation unit 64, an output 
unit 70, and an adjustment unit 72. The generation unit 64 
includes a first calculation unit 66 and a second calculation 
unit 68. 

The blocks illustrated in the block diagram of the present 
specification are realized by components or mechanical 
devices using a CPU of a computer in hardware and are 
realized by a computer program or the like in software. How 
ever, the functional blocks herein are realized by the coop 
eration thereof. Thus, it is understood that the functional 
blocks are realized in various ways by the combination of 
hardware and software by the person skilled in the art. 

The acquisition unit 62 acquires the value of the beam 
current amount from the first beam measurement unit 24 and 
acquires the value of the ion irradiation amount from the 
second beam measurement unit 50. The acquisition unit 62 
may acquire the value of the ion irradiation amount at each 
position of the minute Zones A1 to An illustrated in FIG. 4A 
as the array Direpresenting the ion irradiation amount dis 
tribution. The array Di (i-1 to n) may be the total ion 
irradiation amount of the ion which is input to each position of 
the minute Zones A1 to Anwhile the ion beam is scanned for 
one reciprocating scanning operation or may be the total 
irradiation amount while the ion beam is scanned for plural 
reciprocating scanning operations. Further, the total irradia 
tion amount for one reciprocating scanning operation 
obtained by dividing the total irradiation amount for plural 
reciprocating scanning operations by the number of times of 
the scanning operations may be acquired as the array Di. In 
addition, in the embodiment, the value corresponding to the 
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total irradiation amount for one reciprocating scanning opera 
tion is set as the value of the array Di of the ion irradiation 
amount distribution. 
The first calculation unit 66 calculates the array Si of the 

second scanning speed distribution by using the array Soil of 
the first scanning speed distribution corresponding to the 
reference control waveform, the array Doi of the ion irra 
diation amount distribution acquired by the acquisition unit 
62, and the array Dil of the target ion irradiation amount 
distribution. The first calculation unit 66 calculates the array 
Si of the second scanning speed distribution by using the 
relation of Si-Soi Doi/Di. In addition, in the 
embodiment, the value corresponding to the speed distribu 
tion for each one-way scanning operation is set as the value of 
the array Si of the scanning speed distribution. Further, in 
the embodiment, the ion beam is scanned so that the same 
scanning speed distribution is obtained in the forward path 
and the backward path of each reciprocating scanning opera 
tion. In addition, in the modified example, the array Si that 
separately stores the scanning speed distribution values of the 
forward path and the backward path may be used. 

Here, the array Soil of the first scanning speed distribution 
indicates a change in time of the beam position of each of the 
minute Zones A1 to An when the ion beam is scanned based on 
the reference control waveform. The array Soil of the first 
scanning speed distribution may be stored in a storage unit 
(not illustrated) of the control unit 60 or may be acquired from 
the second beam measurement unit 50 based on the measure 
ment result using the center cup 42. The array Doi of the ion 
irradiation amount distribution indicates the ion irradiation 
amount distribution which is measured by the center cup 42 
when the ion beam is scanned based on the reference control 
waveform. Further, the array Di of the targetion irradiation 
amount distribution may be acquired by the input of the input 
unit (not illustrated) of the control unit 60 or may be stored in 
advance in the storage unit of the control unit 60. 
The second calculation unit 68 calculates a corrected scan 

ning period T by using the array Dil of the target ion 
irradiation amount distribution and the target value K, of the 
ion irradiation amount per unit time. First, the second calcu 
lation unit 68 calculates the average value D of the array 
Di of the target ion irradiation amount distribution. The 
average value D may be obtained by adding the values of 
the array Di in the range in which i is 1 to n and dividing the 
value by the division number n. Next, the corrected scanning 
period T is calculated by the relation of K-D/T and 
Te Dave/K.e. 

Subsequently, the second calculation unit 68 calculates the 
irradiation time t and the irradiation time t which are nec 
essary for the case where the ion beam scans the irradiation 
area C in an one-way manner by using the array Si of the 
second scanning speed distribution. The irradiation time t 
and the irradiation time t correspond to the time t and the 
time t illustrated in FIGS. 8A and 8B. The time in which the 
ion beam passes through a certain minute Zone Ai is expressed 
by 1/Si(L/n) on the assumption that the width dx of the 
minute Zone Ai is L/n. Thus, the irradiation time t and the 
irradiation time t may be obtained by adding the values in the 
range in which i is 1 to n. 

Subsequently, the second calculation unit 68 calculates the 
non-irradiation time ts and the non-irradiation time t in 
which the ion beam is located at the non-irradiation area C2. 
The non-irradiation time ts and the non-irradiation time t 
correspond to the timets and the time to illustrated in FIG.8B. 
The value obtained by adding the non-irradiation time ts and 
the non-irradiation time to may be calculated by the equation 
ofts+to T-(t+ts). When the time ts and the time to are set 
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to be the same in the non-irradiation area C2, the non-irradia 
tion timets and the non-irradiation time to may be obtained by 
halving the total time. 

The generation unit 64 generates the correction control 
waveform by using the values calculated by the first calcula 
tion unit 66 and the second calculation unit 68. The genera 
tion unit 64 generates the correction control waveform illus 
trated in FIG. 8B by using the array Si of the second 
scanning speed distribution calculated by the first calculation 
unit 66 and the non-irradiation timets and the non-irradiation 
time t calculated by the second calculation unit 68. For 
example, the generation unit 64 may at least have a digital/ 
analog (D/A) converter capable of performing a high-speed 
process. 
The output unit 70 outputs the reference control waveform 

stored in the control unit 60 and/or the correction control 
waveform generated by the generation unit 64 to the beam 
scanner 26. When a predetermined control waveform is out 
put to the beam scanner 26, the ion beam is scanned based on 
the output control waveform. 

The adjustment unit 72 adjusts the beam current amount I 
of the ion beam by controlling the beam current adjustment 
unit provided at the upstream side of the beam scanner 26. 
The adjustment unit 72 controls the ion source 12 or the 
variable aperture 20 as the beam current adjustment unit. The 
adjustment unit 72 adjusts the beam current amount I at the 
upstream side by changing the output of the ion source 12 or 
changing the aperture width of the variable aperture 20. 
The adjustment unit 72 increases the ion input amount G 

per unit time by increasing the beam current amount I at the 
upstream side, for example, when the non-irradiation time ts 
and the non-irradiation time to calculated by the second cal 
culation unit 68 become negative values. When the ion irra 
diation amount K per unit time is adjusted by adjusting the 
control waveform, the ion irradiation amount K per unit time 
may be increased by decreasing the scanning period T and 
increasing the repeating frequency of the beam Scanning. 
However, when the second scanning speed distribution is 
determined in order to obtain the desired ion irradiation 
amount distribution D, the scanning period T cannot be 
shorter than the total value of t+t since the irradiation time 
t and the irradiation time t are also determined. Here, the 
adjustment unit 72 may obtain both the second scanning 
speed distribution and the corrected Scanning period in a 
compatible state by increasing the ion input amount G per unit 
time in accordance with the adjustment of the beam current 
amount I at the upstream side. 

Thus, it may be mentioned that the adjustment unit 72 has 
a function of coarsely adjusting the ion beam so that the ion 
irradiation amount per unit time becomes close to the target 
value by the adjustment of the beam current amount at the 
upstream side. Meanwhile, it may be mentioned that the 
generation unit 64 has a function of precisely adjusting the ion 
beam so that the ion irradiation amount per unit time becomes 
the target value by the generation of the correction control 
waveform. 

FIGS. 11A and 11B are schematic views illustrating the 
variable aperture 20 according to the embodiment. FIG. 11A 
illustrates a state where the variable aperture 20 is opened, 
and FIG. 11B illustrates a state where the variable aperture 20 
is closed by a certain degree. In these drawings, the position 
of amass analyzing slit 18a provided at the exit of the mass 
analyzing unit 18 is also illustrated. 
The variable aperture 20 includes a pair of aperture plates 

20a and 20b movable in the Y direction. The pair of aperture 
plates 20a and 20b is adapted to move symmetrically with 
respect to the horizontal plane including a center path L as 
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indicated by the arrow V of the drawing, and the aperture 
plates 20a and 20b are provided with a driving unit (not 
illustrated) therefor. When one aperture plate 20a moves by a 
certain length in the -Y direction so as to approach the center 
path L, the otheraperture plate 20b also moves by the length 
in the +Y direction so as to approach the center path L. In this 
way, the pair of aperture plates 20a and 20b moves by the 
same distance in the opposite directions. Accordingly, the 
beam current amount of the ion beam passing through the 
aperture is adjusted by changing the aperture width from W1 
to w2. 

In addition, the variable aperture 20 may be, for example, 
a continuously variable aperture (CVA). One configuration 
example of the CVA is disclosed in, for example, JP 2000 
243341 A and JP 2000-243342 A, and the entirety of these 
cited documents are used as reference in the present specifi 
cation. By using the CVA, the beam current amount may be 
precisely adjusted at the upstream side. 
An operation of the ion implantation apparatus 10 with the 

above-described configuration will be described. 
FIG. 12 is a flowchart illustrating the operation procedure 

of the ion implantation apparatus 10. The ion beam is scanned 
based on the reference control waveform (S12), and the ion 
irradiation amount distribution is measured (S14). The scan 
ning speed distribution is calculated in accordance with the 
measured ion irradiation amount distribution and the target 
ion irradiation amount distribution (S16), and the scanning 
period is calculated so that the beam current value becomes 
the target value (S18). When the calculated scanning period 
may be realized (Y of S22), the correction control waveform 
capable of realizing the calculated scanning speed distribu 
tion and the scanning period are generated (S24), and the ion 
beam is scanned based on the correction control waveform 
(S24). When the calculated scanning period cannot be real 
ized (N of S22), the beam current amount is adjusted at the 
upstream side (S28), and the steps S12 to S22 are performed. 

While the invention has been described with reference to 
the above-described embodiments, the invention is not lim 
ited to the above-described embodiments, and appropriate 
combinations or Substitutions of the embodiments are also 
included in the invention. Further, the combinations or the 
process sequences of the embodiments may be appropriately 
changed or various modifications such as a change in design 
may be made in the embodiments based on the knowledge of 
the person skilled in the art. Then, the embodiments modified 
in that way are also included in the scope of the invention. 

Modified Example 1 

FIGS. 13A and 13B are graphs illustrating examples of the 
correction control waveforms R1 and R2 according to the 
modified example and illustrating an example of the control 
waveform corresponding to the correction control waveform 
R illustrated in FIG. 8B. As in the correction control wave 
form R1 illustrated in FIG. 13A, the waveforms of the non 
irradiation time ts and the non-irradiation time to are not 
needed to be triangular waves and may be curves having an 
arbitrary shape. Further, as in the correction control wave 
form R2 illustrated in FIG. 13B, a voltage may be fixed to the 
first voltage V (or -V) for the non-irradiation timets and the 
non-irradiation time t. In this case, the ion beam is located at 
the end of the irradiation area for the non-irradiation time ts 
and the non-irradiation time to so that the scanning operation 
is temporarily stopped. Even in Such a control waveform, the 
same effects as the above-described embodiments may be 
obtained. In a further modified example, a Voltage higher than 
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the first voltage V (or -V) may be fixed for the non-irradia 
tion time ts and the non-irradiation time t. 

Modified Example 2 

FIG. 14 is a graph illustrating an example of the correction 
control waveform R3 according to the modified example. In 
the control waveform illustrated in FIG. 14, a voltage is fixed 
to the fourth voltage V (or -V.) higher than the third voltage 
V (or -V) for the non-irradiation time ts and the non-irra 
diation time to. Here, the third voltage V corresponds to a 
Voltage in which the ion beam is located at the side measure 
ment position C3 illustrated in FIG. 3, and the fourth voltage 
V corresponds to a Voltage in which the ion beam is located 
at the scanning end position C4. In this way, since the ion 
beam is scanned so that the ion beam is located at the side 
measurement position C3, the ion irradiation amount per unit 
time may be measured by the side cups 40R and 40L even 
during the ion implantation processing. Accordingly, it is 
possible to handle a case where the ion irradiation amount per 
unit time changes during the ion implantation processing. 
Further, since the Scanning operation of the ion beam is tem 
porarily stopped at the scanning end position C4, the beam 
directed to the non-irradiation area may be interrupted by the 
protective plates 46R and 4.6L. Accordingly, even when the 
ion beam is over-scanned up to the non-irradiation area C2, it 
is possible to prevent a problem in which the ion beam is 
irradiated to an unexpected position inside the implantation 
processing chamber 16, and hence to improve the stability of 
the ion implantation processing. 

Modified Example 3 

FIG. 15 is a graph illustrating examples of the correction 
control waveforms R4 and R5 according to the modified 
example. FIG. 15 schematically illustrates a method for 
adjusting the non-irradiation time by changing the scanning 
width in the non-irradiation area. The correction control 
waveform R4 of the period T indicated by the thin line and 
the correction control waveform R5 of the periodTs indicated 
by the thick line have the same waveform in the irradiation 
area. Further, the inclination dV/dt corresponding to a change 
value intime of the waveform in the non-irradiation area is the 
same, and the Scanning speed in the non-irradiation area is the 
same. In such a condition, the scanning period is adjusted by 
changing the Voltages AV1 and AV2 corresponding to the 
scanning width of the non-irradiation area. In this way, it is 
possible to adjust the Scanning period only by changing the 
scanning width while the scanning speed in the non-irradia 
tion area is constant. Accordingly, it is possible to adjust the 
ion irradiation amount per unit time without changing the ion 
irradiation amount distribution in the irradiation area. 

Modified Example 4 

In the above-described embodiments, the ion irradiation 
amount distribution based on the reference control waveform 
is measured, and the correction control waveform is gener 
ated by performing both the calculation for correcting the 
scanning speed distribution and the calculation for correcting 
the scanning period. In the modified example, the first calcu 
lation unit 66 calculates the second scanning speed distribu 
tion, and the generation unit 64 generates the intermediate 
control waveform corresponding to the second scanning 
speed distribution. Subsequently, the ion irradiation amount 
distribution per unit time is measured by Scanning the ion 
beam based on the intermediate control waveform, and the 
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corrected Scanning period is calculated by using the measured 
ion irradiation amount distribution per unit time. 

For example, the generation unit 64 generates the adjusted 
control waveform Q indicated by the thick line of FIG.7 as the 
intermediate control waveform, and the output unit 70 out 
puts the intermediate control waveform to the beam scanner 
26. At this time, the ion irradiation amount distribution D(x) 
of the ion beam scanned by the intermediate control wave 
form becomes a desired distribution, but the ion irradiation 
amount distribution per unit time is deviated from the target 
value. The corrected Scanning period is calculated and the 
correction control waveform is generated by measuring the 
ion irradiation amount distribution per unit time deviated 
from the target value. In the modified example, the steps of 
generating and outputting the intermediate control waveform 
are additionally provided, but both the ion irradiation amount 
distribution and the ion irradiation amount per unit time may 
be controlled similarly to the above-described embodiments. 
Further, the adjustment precision of the ion irradiation 
amount distribution per unit time may be improved by mea 
Suring the ion irradiation amount distribution per unit time 
using the intermediate control waveform. 

Modified Example 5 

In the above-described embodiments, described is a 
method for adjusting the beam current amount I by control 
ling the beam current adjustment unit when the corrected 
scanning period cannot be realized. In the modified example, 
the beam current amount is adjusted in advance at the 
upstream side before the ion beam is scanned by the reference 
control waveform. When the beam current amount is adjusted 
by using the variable aperture 20, the beam current amount 
may be easily decreased by narrowing the aperture width. 
However, the beam current amount cannot be increased from 
the state where the aperture width is maximal. In this case, 
when the output of the ion source 12 is not increased, the 
beam current amount cannot be increased, and the ion irra 
diation amount distribution per unit time cannot be increased. 
However, the output of the ion source 12 is not easily adjusted 
in a short time and a certain degree of time needs to be ensured 
for the stabilization after the output is adjusted. Further, there 
is a need to change the setting of each of the devices consti 
tuting the beam line device 14 when the output of the ion 
Source 12 is changed. Thus, when the output of the ion source 
12 is adjusted to increase the beam current amount, it takes 
time for the adjustment. Then, the efficiency of the ion 
implantation apparatus 10 is degraded, and hence the produc 
tion efficiency for the semiconductor device may be influ 
enced. 

Here, in the modified example, the ion irradiation amount 
per unit time is coarsely adjusted by adjusting the beam 
current amount at the upstream side before the ion irradiation 
amount distribution is adjusted. At this time, the beam current 
amount of the ion beam is adjusted so that the ion input 
amount per unit time increases compared to the target value of 
the ion irradiation amount per unit time. The ion irradiation 
amount per unit time may be easily decreased by changing the 
shape of the correction control waveform, but there is a limi 
tation in the operation of increasing the ion irradiation 
amount per unit time after the beam current amount is largely 
adjusted at the upstream side. Subsequently, the ion irradia 
tion amount per unit time for the irradiation area is precisely 
adjusted by adjusting the scanning period in accordance with 
the adjustment of the shape of the correction control wave 
form. In this way, it is possible to shorten the adjustment time 
by adjusting the beam current amount at the upstream side in 
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advance. Meanwhile, there is a case where it is difficult to 
adjust the ion irradiation amount per unit time with high 
precision only at the upstream side. Here, the ion irradiation 
amount per unit time of the ion beam irradiated to the wafer W 
is precisely adjusted by adjusting the shape of the correction 
control waveform. In this way, it is possible to widen the 
adjustable range and to adjust the ion irradiation amount per 
unit time with high precision by the combination of the coarse 
adjustment at the upstream side and the precise adjustment at 
the beam Scanner. 

In addition, there is a need to set the operation condition of 
the ion source 12 or the beam line device 14 when the ion 
implantation apparatus 10 is activated or the implantation 
condition for the wafer W is changed, and hence an operation 
of adjusting the beam current amount at the upstream side is 
generally performed. Here, when the ion beam is coarsely 
adjusted so that the ion irradiation amount distribution per 
unit time becomes close to the target value during the general 
adjustment of the beam current amount, it is possible to 
coarsely adjust the ion irradiation amount per unit time with 
out an additional adjustment operation. Accordingly, it is 
possible to decrease the number of adjustment steps and to 
improve the efficiency of the apparatus. 

In addition, it is possible to increase the beam current 
amount by a certain degree at the upstream side by preparing 
a table set in response to the targetion irradiation amount per 
unit time and to determine the beam current amount at the 
upstream side with reference to the table. Further, the 
coarsely adjusted ion irradiation amount per unit time may be 
determined by the input from the input unit of the control unit 
60. 

Modified Example 6 

In the modified example, the reference control waveform 
of which the adjustable range is increased will be described. 
FIG. 16A is a graph illustrating an example of the reference 
control waveform P. according to the modified example. 
FIG. 16B is a graph illustrating an example of the scanning 
speed distribution S(x) of the ion beam scanned by the 
reference control waveform P. according to the modified 
example. FIG. 16C is a graph illustrating an example of the 
ion irradiation amount distribution D(x) of the ion beam 
scanned by the reference control waveform P. according to 
the modified example. In all drawings, the graph correspond 
ing to the reference control waveform P equal to the refer 
ence control waveform Pillustrated in FIG.5A is indicated by 
the thin line, and the graph corresponding to the reference 
control waveform P. according to the modified example is 
indicated by the thick line. In the modified example, the 
scanning speed distribution becomes fast from S to S as 
illustrated in FIG.16B and the non-irradiation time becomes 
long as illustrated in FIG. 16A, so that the reference control 
waveform B and the reference control waveform Aaccording 
to the modified example have the same period To. 

At this time, as illustrated in FIG. 16C, when the beam 
current amount is the same at the upstream side, the ion 
irradiation amount distribution D(X) corresponding to the 
reference control waveform P. according to the modified 
example has a small distribution as a whole compared to the 
ion irradiation amount distribution D(x) corresponding to 
the reference control waveform P. Then, if the beam current 
amount I is increased at the upstream side when the ion beam 
is scanned based on the reference control waveform P. 
according to the modified example, the ionirradiation amount 
distribution may be equal to the ion irradiation amount dis 
tribution D (X). For example, if the beam current amount I 
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at the upstream side is set to D/D, times when the average 
value of the ionirradiation amount distribution corresponding 
to the reference control waveform P is set to D and the 
average value of the ion irradiation amount distribution cor 
responding to the reference control waveform P. according to 
the modified example is set to D, the ion irradiation amount 
distribution D(x) may be realized by using the reference 
control waveform P. according to the modified example. At 
this time, since the reference control waveform P and the 
reference control waveform P. according to the modified 
example have the same scanning period To the ion irradiation 
amount distribution per unit time is also the same. 

That is, in the modified example, even when the reference 
control waveform P. having a large ratio of the non-irradia 
tion time is used, the beam current value I is coarsely 
adjusted at the upstream side so that the ion irradiation 
amount per unit time becomes close to the target value. Since 
the reference control waveform P. according to the modified 
example have a long non-irradiation time, the scanning 
period of the reference control waveform P. may be set to the 
desired value even when the irradiation time corresponding to 
the calculated scanning speed distribution S is slightly long. 
In other words, when the corrected Scanning period is calcu 
lated, the range capable of realizing the Scanning period is 
widened. As a result, the adjustable range may be widened 
compared to the case where the reference control waveform 
P is used. When the ion beam is coarsely adjusted at the 
upstream side so that the ion irradiation amount per unit time 
obtained when the reference control waveform P. and the 
reference control waveform P. are used becomes close to the 
target value, the ion irradiation amount distribution and the 
ion irradiation amount per unit time may be further smoothly 
controlled. Further, since the beam current amount is coarsely 
adjusted in advance at the upstream side, it is possible to 
shorten the time taken for the adjustment. 

Modified Example 7 

In the above-described embodiments, the second scanning 
speed distribution is calculated so as to have the same average 
value D of the ion irradiation amount distribution for one 
reciprocating scanning operation, and the corrected Scanning 
period is set to be equal to the uncorrected Scanning period To 
so that the average value in time of the beam current before 
and after the correction is the same. In a further modified 
example, the second scanning speed distribution may be cal 
culated under the condition in which the first ion irradiation 
amount distribution and the second ion irradiation amount 
distribution have different average values. Further, the cor 
rection control waveform may be generated by calculating the 
corrected Scanning period under the condition in which the 
ion irradiation amount per unit time before and after the 
correction have a different value. Even in such a condition, 
the ion beam may be scanned so that the ion irradiation 
amount distribution and the ion irradiation amount per unit 
time become predetermined values. 

Modified Example 8 

In the above-described embodiments, a case is described in 
which the ion irradiation amount distribution is corrected so 
as to be uniform. In the modified example, the ion irradiation 
amount distribution may be corrected so as to have an arbi 
trary non-uniform shape. FIG. 17A is a graph illustrating an 
example of the ion irradiation amount distribution Ds(X) hav 
ing a non-uniform shape. In the modified example, the ion 
irradiation amount distribution is set to a target distribution in 



US 9,412,561 B2 
21 

which the ion irradiation amount at the center and both ends 
is Smaller and the ion irradiation amount at the intermediate 
region between the center and both end is larger. With such a 
distribution, the adjusted Scanning speed distribution S(X) 
may be set to a distribution that satisfies the relation 
of Ss(x)=S(x)*D(x)/Ds(x). 

FIG. 17B is a graph illustrating an example of the scanning 
speed distribution S(x) of the ion beam that realizes the ion 
irradiation amount distribution having a non-uniform shape. 
As illustrated in the drawings, the Scanning speed distribution 
S(X) has a speed distribution in which the scanning speed at 
the center is increased to decrease the ion irradiation amount 
at the center and the Scanning speed at the intermediate region 
between the center and both end is decreased to increase the 
ion irradiation amount at the intermediate region between the 
center and both end. In addition, the Scanning speed distribu 
tion S(X) also includes a component that forms a uniform 
shape of the uncorrected ion irradiation amount distribution 
Do(X). 

FIG. 17C is a graph illustrating an example of the correc 
tion control waveform R5 for realizing the ion irradiation 
amount distribution Ds(X) having a non-uniform shape. Simi 
larly to the above-described embodiments, a waveform shape 
is formed which includes the first Zone in which a scanning 
Voltage changes from -V to V and the third Zone in which a 
scanning Voltage changes from V to -V so that the correc 
tion control waveform R5 realizes the scanning speed distri 
bution S(X) in the irradiation area. Further, the scanning 
period To is adjusted by setting the staying time for the second 
Zone in which the scanning Voltage changes from V to V and 
returns to V and the fourth Zone in which the scanning 
Voltage changes from -V to -V and returns to -V so that 
the ion irradiation amount per unit time becomes the target 
value. By generating the correction control waveform R5, the 
ion irradiation amount distribution having a non-uniform 
shape is realized, and the ion irradiation amount per unit time 
may be adjusted to the target value. 

Modified Example 9 

FIG. 18 is a graph illustrating an example of the correction 
control waveform R6 according to the modified example. The 
correction control waveform R6 according to the modified 
example has a shape which is proportional to the correction 
control waveform R illustrated in FIG. 8B and a shape in 
which the time taken for the ion beam to pass through the first 
Zone to the fourth Zone becomes two times so that the scan 
ning period T becomes two times. When the ion beam is 
scanned based on the correction control waveform R6 accord 
ing to the modified example, the time taken for one recipro 
cating scanning operation becomes two times, and hence the 
ion irradiation amount for one reciprocating operation also 
becomes two times. Specifically, the ion irradiation amount 
distribution obtained by the one reciprocating scanning 
operation becomes 2D (x) corresponding to two times the 
ion irradiation amount distribution D(x) illustrated in FIG. 
9B. Meanwhile, the ion irradiation amount distribution per 
unit time is balanced out by the ion irradiation amount distri 
bution which becomes two times due to the scanning period 
which becomes two times, and hence becomes the case where 
the ion beam is scanned based on the correction control wave 
form R. In this way, it is possible to adjust the ion irradiation 
amount distribution per unit time to the target value by gen 
erating the correction control waveform R6 according to the 
modified example based on the correction control waveform 
Robtained in the above-described embodiments. In addition, 
the relation between the period To of the correction control 
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waveform R and the scanning period T of the correction 
control waveform according to the modified example is not 
limited to two times, and the scanning period of T. C.To may 
be set by using an arbitrary constant C. 
The correction control waveform R6 according to the 

modified example may be generated as below. First, the third 
scanning speed distribution S(X) of S(X)/C. is calculated by 
setting the value of the second Scanning speed distribution 
S(X) corresponding to the correction control waveform R to 
1/C. Further, the third scanning period T of C.T. is calculated 
by setting the value of the second scanning period To corre 
sponding to the correction control waveform R to be C. times. 
The correction control waveform R6 according to the modi 
fied example may be obtained by obtaining the correction 
control waveform for obtaining both the calculated third 
scanning speed distribution S(X) and the third scanning 
period T in a compatible state by the same method as the 
above-described embodiments or the above-described modi 
fied examples. 

It should be understood that the invention is not limited to 
the above-described embodiment, but may be modified into 
various forms on the basis of the spirit of the invention. 
Additionally, the modifications are included in the scope of 
the invention. 

What is claimed is: 
1. An ion implantation method for implanting ions into a 

wafer by Scanning an ion beam in a reciprocating manner 
while reciprocating the wafer in a direction perpendicular to 
a beam Scanning direction, the ion implantation method com 
prising: 

scanning the ion beam by outputting a reference control 
waveform to a beam scanner; 

measuring an ion irradiation amount distribution of the ion 
beam in the beam scanning direction, wherein the ion 
beam is scanned based on the reference control wave 
form; 

generating a correction control waveform by using the 
measured ion irradiation amount distribution; and 

irradiating the ion beam to the wafer by outputting the 
generated correction control waveform to the beam 
Scanner, wherein the ion beam is scanned based on the 
correction control waveform, 

wherein the reference control waveform is a control wave 
form for scanning the ion beam so that a scanning speed 
distribution indicating a change value of each beam 
position in time in the beam scanning directionata wafer 
position becomes a first scanning speed distribution and 
a scanning period becomes a first Scanning period, 

wherein the ion irradiation amount distribution indicates 
the distribution of the total ion irradiation amount of 
each beam position in the beam Scanning direction at the 
wafer position when Scanning the ion beam over the 
wafer a predetermined number of times in a reciprocat 
ing manner, 

wherein the correction control waveform is a control wave 
form for scanning the ion beam so that the scanning 
speed distribution becomes a second Scanning speed 
distribution and a scanning period becomes a second 
Scanning period, 

wherein the second scanning speed distribution is a scan 
ning speed distribution for scanning the ion beam so that 
the ion irradiation amount distribution becomes a target 
distribution, 

wherein the second Scanning period is a scanning period 
that is adjusted so that the ion irradiation amount distri 



US 9,412,561 B2 
23 

bution per unit time of the ion beam scanned by the 
second scanning speed distribution becomes a target 
value, and 

wherein the generating the correction control waveform 
includes: 

calculating the second scanning speed distribution by 
using the first Scanning speed distribution and the mea 
Sured ion irradiation amount distribution; and 

calculating the second scanning period by using the calcu 
lated second scanning speed distribution. 

2. The ion implantation method according to claim 1, 
wherein the target distribution is an ion irradiation amount 

distribution that becomes uniform in the beam scanning 
direction compared to the measured ion irradiation 
amount distribution. 

3. The ion implantation method according to claim 1, 
wherein the target distribution is an ion irradiation amount 

distribution having an arbitrary non-uniform shape. 
4. The ion implantation method according to claim 1, 
wherein the generating the correction control waveform 

further includes: 
generating an intermediate control waveform so as to Scan 

the ion beam by the calculated second scanning speed 
distribution; 

Scanning the ion beam based on the intermediate control 
waveform by outputting the generated intermediate con 
trol waveform to the beam scanner; and 

measuring the ion irradiation amount distribution per unit 
time of the ion beam scanned based on the intermediate 
control waveform, 

wherein the second scanning period is calculated by using 
the ion irradiation amount distribution per unit time 
measured for the ion beam scanned based on the inter 
mediate control waveform. 

5. The ion implantation method according to claim 1, 
wherein the beam scanner is configured to scan the ion 
beam in a range including an irradiation area where the 
reciprocated wafer is located and a non-irradiation area 
which is located outside the irradiation area, 

wherein the generating the correction control waveform 
further includes: 

calculating an irradiation time taken for Scanning the ion 
beam over the irradiation area in a reciprocating manner, 
wherein the ion beam is scanned by the calculated sec 
ond scanning speed distribution; and 

calculating a non-irradiation time in which the ion beam is 
located in the non-irradiation area by Subtracting the 
irradiation time from the second scanning period, and 

wherein the correction control waveform is generated so 
that the ion beam is scanned over the irradiation area by 
the second scanning speed distribution and the ion beam 
is located at the non-irradiation area for the non-irradia 
tion time. 

6. The ion implantation method according to claim 5. 
wherein the reference control waveform is configured so 

that the ion beam is scanned over the irradiation area by 
the first scanning speed distribution and the ion beam is 
located at the non-irradiation area for a predetermined 
time, 

wherein the calculating the second scanning period further 
includes matching the second scanning period to the first 
Scanning period by setting the non-irradiation time to a 
time different from the predetermined time when the 
time taken for scanning the ion beam over the irradiation 
area in a reciprocating manner by the first scanning 
speed distribution is different from the irradiation 
time, and 
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wherein the correction control waveform is generated so as 

to match the scanning period to the first scanning period. 
7. The ion implantation method according to claim 5, 
wherein the correction control waveform is generated So 

that the ion beam is scanned in the non-irradiation area at 
a constant Scanning speed. 

8. The ion implantation method according to claim 7. 
wherein the correction control waveform of which the non 

irradiation time is adjusted is generated by adjusting a 
range included in the non-irradiation area over which the 
ion beam is scanned. 

9. The ion implantation method according to claim 5, 
wherein the correction control waveform is generated so as 

to temporarily stop the ion beam scanning at any posi 
tion included in the non-irradiation area. 

10. The ion implantation method according to claim 5, 
wherein the generating the correction control waveform 

includes: 
calculating a third scanning speed distribution and a third 

Scanning period by using the calculated second scanning 
speed distribution and the calculated second scanning 
period; and 

generating the correction control waveform for scanning 
the ion beam so that the scanning speed distribution 
becomes the third scanning speed distribution and the 
Scanning period becomes the third scanning period, 

wherein the third scanning period is a scanning period 
obtained by multiplying the second Scanning period by a 
predetermined constant, 

wherein the third Scanning speed distribution is a scanning 
speed distribution that is proportional to the second 
Scanning speed distribution and a scanning speed distri 
bution in which the time taken for scanning over the 
irradiation area in a reciprocating manner by the third 
Scanning speed distribution is a time obtained by multi 
plying the irradiation time by the predetermined con 
stant, and 

wherein the generated correction control waveform is out 
put to the beam scanner, and the ion beam Scanned by the 
third scanning speed distribution for the third scanning 
period is irradiated to the wafer. 

11. The ion implantation method according to claim 1, 
wherein the second Scanning speed distribution is calcu 

lated so that a first ion irradiation amount obtained by 
integrating the ion irradiation amount distribution in the 
beam scanning direction when the ion beam is scanned 
by the first scanning speed distribution matches a second 
ion irradiation amount obtained by integrating the ion 
irradiation amount distribution in the beam scanning 
direction when the ion beam is scanned by the second 
Scanning speed distribution. 

12. The ion implantation method according to claim 1, 
further comprising adjusting a beam current amount of the 
ion beam at the upstream side of the beam scanner in order to 
set an ion implantation condition, 

wherein the adjusting the beam current amount includes 
performing a coarse adjustment so that the ion irradia 
tion amount distribution per unit time becomes close to 
the target value by adjusting of the beam current amount, 
and 

wherein the ion beam is precisely adjusted so that the ion 
irradiation amount distribution per unit time becomes 
the target value by calculating the second scanning 
speed distribution and the second scanning period using 
the ion irradiation amount distribution measured for the 
coarsely adjusted ion beam. 
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13. The ion implantation method according to claim 12, 
wherein the coarse adjustment includes changing an aper 

ture ratio of a variable aperture that is provided at the 
upstream side of the beam scanner and through which 
the ion beam passes. 

14. The ion implantation method according to claim 12, 
wherein the coarse adjustment includes adjusting the beam 

current amount so that the ion irradiation amount distri 
bution per unit time measured when the ion beam is 
Scanned based on the reference control waveform 
exceeds the target value. 

15. The ion implantation method according to claim 12, 
wherein the beam scanner is configured to scan the ion 
beam in a range including an irradiation area where the 
reciprocated wafer is located and a non-irradiation area 
which is located outside the irradiation area, and 

wherein the reference control waveform is configured so 
that the ion beam is scanned in the range including both 
the irradiation area and the non-irradiation area, and 

wherein the coarse adjustment includes adjusting the beam 
current amount so that the ion irradiation amount distri 
bution per unit time becomes a value close to the target 
value when the ion beam is scanned in the range includ 
ing both the irradiation area and the non-irradiation area 
based on the reference control waveform. 

16. An ion implantation apparatus comprising: 
a beam scanner; 
a reciprocation device that is provided at the downstream 

side of the beam scanner and reciprocates a wafer in a 
direction perpendicular to a beam scanning direction; 

a beam measurement unit that is able to measure an ion 
irradiation amount distribution in the beam scanning 
direction at a wafer position; and 

a control unit that outputs a control waveform to the beam 
Scanner for scanning the ion beam in a reciprocating 
manner, 

wherein the control unit includes: 
an output unit that outputs a reference control waveform to 

the beam scanner; 
an acquisition unit that acquires the ion irradiation amount 

distribution measured for the ion beam scanned based on 
the reference control waveform from the beam measure 
ment unit; and 

a generation unit that generates a correction control wave 
form by using the acquired ion irradiation amount dis 
tribution, 

wherein the reference control waveform is a control wave 
form for scanning the ion beam so that a scanning speed 
distribution indicating a change value of each beam 
position in time in the beam scanning directionata wafer 
position becomes a first scanning speed distribution and 
a scanning period becomes a first scanning period, 

wherein the ion irradiation amount distribution indicates 
the distribution of the total ion irradiation amount of 
each beam position in the beam scanning direction at the 
wafer position when scanning the ion beam over the 
wafer a predetermined number of times in a reciprocat 
ing manner, 

wherein the correction control waveform is a control wave 
form for scanning the ion beam so that the scanning 
speed distribution becomes a second scanning speed 
distribution and the scanning period becomes a second 
Scanning period, 
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wherein the second scanning speed distribution is a scan 

ning speed distribution for scanning the ion beam so that 
the ion irradiation amount distribution becomes a target 
distribution, 

wherein the second scanning period is a scanning period 
that is adjusted so that the ion irradiation amount distri 
bution per unit time of the ion beam scanned by the 
second scanning speed distribution becomes a target 
value, 

wherein the generation unit includes a first calculation unit 
that calculates the second scanning speed distribution by 
using the first scanning speed distribution and the 
acquired ion irradiation amount distribution, and a sec 
ond calculation unit that calculates the second scanning 
period by using the calculated second scanning speed 
distribution, and 

wherein the generated correction control waveform is out 
put to the beam scanner, and the ion beam scanned based 
on the correction control waveform is irradiated to the 
wafer. 

17. The ion implantation apparatus according to claim 16, 
further comprising a beam current adjustment unit that is 
provided at the upstream side of the beam scanner and adjusts 
a beam current amount of the ion beam, 

wherein the control unit further includes an adjustment unit 
that controls the beam current adjustment unit in order to 
set an ion implantation condition, 

wherein the adjustment unit performs a coarse adjustment 
so that the ion irradiation amount distribution per unit 
time becomes close to the target value by controlling the 
beam current adjustment unit to adjust the beam current 
amount, and 

wherein the generation unit performs a precise adjustment 
so that the ion irradiation amount distribution per unit 
time becomes the target value by calculating the second 
scanning speed distribution and the second scanning 
period using the ion irradiation amount distribution 
acquired for the coarsely adjusted ion beam. 

18. The ion implantation apparatus according to claim 16, 
further comprising: 

a protective plate that is provided at the downstream side of 
the beam scanner and interrupts a part of the scanned ion 
beam, 

wherein the beam scanner is configured to scan the ion 
beam in a range including an irradiation area where the 
reciprocated wafer is located and a non-irradiation area 
which is located outside the irradiation area, and 

wherein the protective plate is disposed so as to interrupt at 
least a part of the ion beam directed to the non-irradia 
tion area. 

19. The ion implantation apparatus according to claim 18, 
wherein the beam measurement unit includes a center cup 

that is able to measure the ion irradiation amount distri 
bution of the irradiation area at the wafer position and 
side cups that are able to measure the ion irradiation 
amount of the ion beam directed to the non-irradiation 
area during the ion implantation processing on the 
wafer, and 

wherein the protective plate is disposed at a position where 
the ion beam directed to the side cups is not interrupted. 


